To determine the feasibility of demonstrating mitral regurgitation by injection of contrast 
T HE surgical treatment of pure mitral stenosis has proved a sound procedure for the relief of the symptoms produced by rheumatic valvular disease. However, mitral insufficiency still presents a serious problem in its management and no adequate surgical procedures are available for the correction of this condition at the present time. Until an adequate method has been evolved for the correction of mitral insufficiency, a more accurate method should be available for the preoperative differentiation of mitral insufficiency and stenosis. A large number of patients are undergoing exploratory thoracotomy and cardiotomy with a diagnosis of mitral stenosis who are found to Aided by a Grant from the Central Ohio Heart Association.
Paper presented at the meeting of the American Heart Association, October 22, 1955 , New Orleans, La. Abstracted, Circulation 12: 777, 1955 should reduce operative mortality and morbidity. Moreover, objective follow-up of patients after surgery demands accurate evaluation of this important function of the valve. Recent attempts have been made to determine the degree of mitral insufficiency and stenosis by the use of angiocardiography. Because of the large size of the left atrium in patients with mitral disease, however, contrast dilution and retention in this chamber ordinarily prevents adequate visualization of the atrial reflux during systole. region of the left atrium immediately after left ventricular injection is considered evidence of mitral regurgitation. The amount of insufficiency may be estimated by the degree of atrial opacification provided other variables are taken into account. These variables include the quality of the films, the size of the left ventricle and the left atrium, the amount and density of the contrast medium injected, and the length of time of the injection.
To interpret correctly the radiographs obtained by this method it is important to know the anatomic relationships of the mitral valve in the left anterior oblique projection (actually the right posterior oblique projection). Figure 3 represents a conventional angiocardiogram taken with the patient in this position. In this thin adult, 50 ml. of 70 per cent Diodrast was injected rapidly intravenously and serial radiographs were taken. This radiograph was chosen from the series because it best demonstrates the relationships of the mitral valve in the left anterior oblique (right posterior oblique) viewv.
A normal human heart was removed at autopsy, and the chambers were filled with paraffin wax to prevent their collapse during sectioning. Sagittal sections were made in the left anterior oblique plane.
A sagittal section in this plane through the mitral and aortic valves demonstrates the relationships between the atrial chamber, the mitral valve, the ventricular cavity, the ventricular out-flow tract, and the aortic valve (fig. 4) .
The mitral valve was studied in 20 cases undergoing cardioangiography.
RESULTS
In 10 of the 20 cases the mitral valve was found at cardioangiography to be entirely competent ( fig. 5 ). In these cases no opacification was seen in the region of the left atrium in any of the serial radiographs. An important landmark in this right posterior oblique projection is the left main-stem bronchus, which should mark the superior border of the left atrium.
The opportunity to cheek the competence of the mitral valve anatomically in these 10 patients has thus far presented itself twice. One patient died because of degeneration of a homo- graft inserted for correction of coarctation of the aorta. A resulting dissecting aneurysm finally ruptured 1 year after cardioangiography and 2 years after the placing of the graft. At autopsy, the mitral valve leaflets were normal and there was no dilatation of the valve ring. This valve was competent, confirming the previous cardioangiographic findings.
In the second case the cardioangiographic findings were not in agreement with the subsequent operative report. A competent mitral valve was apparent in the cardioangiogram; yet the operating surgeon recorded 2-plus mitral regurgitation in addition to the mitral stenosis that was present. The reason for this discrepancy is not yet certain, but it represents the only case encountered thus far of the disparity between the anatomic findings and the cardioangiograms.
In 10 cases, mitral regurgitation of varying degree was demonstrated. The amount of regurgitation has been estimated radiographically on the basis of the relative degree of opacification in the region of the left atrium. In films of good quality the slightest increase in opacification of the left atrial chamber is considered significant. may also be possible and mally be of assistance in diagnosis. KnowNledge of the exact time in the cardiac cycle represented on the radiographs, i.e., systole or diastole, would be of value in this regard. Coupling of the x-ray exposures with the electrocardiograph has not been done in this series of cases, however. Other refinements of the method are possible, but the advantage of simplicity is also selfevident. Figure 6 is a cardioangiogram interpreted as showing 1-plus mitral regurgitation. Definite but minimal opacification is seen in a relatively small left atrium (compare fig. GA and B) . At operation after digital atrial exploration, the surgeon estimated mitral regurgitation as 1 plus.
In a 47-year-old white woman with faradvanced rheumatic heart disease, functional class IV, the cardioangiogram ( fig. 7) was interpreted as showing 3-plus mitral regurgitation. At autopsy, 8 months later, a fixed 2 by 1 em. opening of the mitral valve ( fig. 8) 
DIAGNOSIS OF MITRAL REGURGITATION BY CARDIOANGIOGRAPHY
anteriorly. The chordae tendineae were thickened and shortened. This deformed mitral valve permitted marked regurgitation during life. The left atrium was huge; there were also hypertrophy and dilatation of the left ventricle, moderate aortic stenosis, and hypertrophy and dilatation of the right ventricle and right atrium with functional tricuspid insufficiency.
In another patient with a clinical diagnosis of mitral regurgitation, the routine radiographic studies of the chest, including a lateral with a barium swallow, failed to reveal any enlargement of the left atrium. Cardioangiography ( fig. 9 ) revealed marked mitral regurgitation with an aneurysmal dilatation of the left atrial appendage without significant enlargement of the atrium proper.
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